Abstract To explain bimodal relapse patterns, we have previously suggested that metastatic breast cancer growth commonly includes periods of temporary dormancy at both the single cell and avascular micrometastasis phases (with 1 year and 2 year half-lives respectively). We further suggested that primary surgery sometimes initiates growth of distant dormant disease accelerating relapse. These iatrogenic events are common in that they occur in over half of all relapses. Surgery induced angiogenesis is mostly confined to premenopausal node positive patients in which case 20% of patients are so affected. We review here how this hypothesis explains a vairety of previously unrelated breast cancer phenomenon including 1) the mammography paradox for women age 40-49 untreated with adjuvant therapy, 2) the particularly high benefit of adjuvant chemotherapy for premenopausal node positive patients, 3) the heterogeneity of breast cancer, 4) the aggressiveness of cancer in young women, 5) the outcome differences with timing of surgery within the menstrual cycle, 6) the common myths regarding cancer spreading "when the air hits it" and treatment "provoking" the tumor, 7) the excess mortality of blacks over whites, and 8) reports from physicians 2000 years ago. In parallel to physicists who have long sought to explain all of physics with a unified field theory, we now suggest temporary dormancy together with surgery induced tumor growth provides a unifying theory for much of breat cancer.
Introduction
Ten years ago, we were confronted with data in two separate databases from different countries [1, 2] demonstrating a bimodal relapse pattern among early stage breast cancer patients untreated with adjuvant therapy. This pattern has since been confirmed, extended to mortality and broadened to include patients given adjuvant chemotherapy [3] [4] [5] [6] [7] . This biomodality is also adumbrated by other studies [8] [9] [10] [11] [12] [13] [14] [15] [16] . Data from Milan that we studied extensively clearly demonstrate a dominant early sharp peak at 18 months, a nadir at 50 months and second broad peak at 60 months that extends for at least 15 years. This was not predicted by any prevailing theory of breast cancer biology. It strongly implied that there was more than one mode of treatment failure.
Accordingly, we took a fresh look at how metastatic tumors grow. We proposed a growth model [17, 18] focusing upon the putative existence of three distinct phases -the single malignant cell, an avascular 
M. W. Retsky et al.
group of cells and a vascularized lesion. We allowed but did not insist that dormancy could exist at the single cell level and also at the point prior to tumor angiogenesis. Simulation of growth through these three stages predicted the second peak as a steady stochastic progression from one phase to the next with dormant half-life of a single cell of 1 year and dormant half-life of an avascular micrometastasis of 2 years. In order to simulate the first peak, however, we needed to postulate a uniform exciting event that stimulates state transitions. We postulated that surgical resection of the primary tumor provides this stimulus. To explain the very earliest relapse events (i.e. within 10 months of surgery), we proposed that 20% of premenopausal patients with positive lymph nodes underwent surgery-induced angiogenesis. Here, we briefly describe how this hypothesis may reasonably explain other outcome differences.
A single hypothesis may help explain a variety of previously unconnected breast cancer effects (Fig. 1) Mammography paradox for women age [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] Seven important randomized controlled trials of early detection using mammography were conducted before widespread use of adjuvant chemotherapy began in approximately 1980 [19] [20] [21] [22] 
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There was a strong tendency of the mammography screening community to dismiss these data. However, early transient mortality excess of invited women, documented consistently across screening trials, countries, and time, in our opinion makes this worthy of careful consideration.
We observed that screening and control arms, otherwise similar due to randomization, have different surgery timing distributions which result directly from the early recruitment of breast cancer diagnoses in the screening arm only. We calculated that surgery induced angiogenesis, as determined by the Milan data, accelerates breast cancer mortality by approximately 2 years, causing 0.1 early deaths per 1000 screened young women in the 2nd or 3rd year after starting screening. Both the magnitude and timing agree with findings from individual trials and overviews [23] [24] [25] .
Heterogeneity of breast cancerAggressiveness of breast cancer in young women
Breast cancer exhibits extreme variability in outcome for patients within seemingly single prognostic categories. Our theory suggests that the course of breast cancer may be characterized by a common pathway through sequential dormant and active states eventually resulting in clustered appearances of clinical metastases from a common inciting event.
The balance between tumor and host influences the pace of traverse through this common pathway. Therefore, the recurrence risk profile of a single patient is determined by a specific mix of prognostic factors, resulting from the unique genetic, environmental or behavioral peculiarities of that individual as well as the timing of that inciting event. Thus, the model provides some explanation for very early, intermediate, and very late relapses. As an example, this framework may help us to better understand the well-accepted observation that breast cancer in young women is often 'aggressive'. From our perspective, this term well fits the 20% of premenopausal node-positive patients that relapse within 1 year of surgery as a result of surgery-induced angiogenesis.
Highest sensitivity to adjuvant chemotherapy for premenopausal node-positive patientsBenefit even of a short course adjuvant chemotherapy immediately postoperative
Following early adjuvant chemotherapy trials, consensus reports (1980 and 1985 National Institutes of Health Consensus Development Conferences) recommended using adjuvant chemotherapy for premenopausal node-positive patients, where the treatment proved to be quite effective. Only in later years, after careful analysis of much larger trials with longer follow-up, was it determined that adjuvant chemotherapy is of some value in other subsets of patients. Our model provides a reasonable explanation why adjuvant chemotherapy works particularly well for certain patient categories [26] .
As we have previously stated, removal of the primary tumor stimulates angiogenesis in distant dormant micrometastases in a substantial fraction of premenopausal node-positive patients. This sudden release from dormancy, in synchrony with surgery, ushers in rapid growth of micrometastases and corresponding high chemosensitivity just at the time when adjuvant chemotherapy was empirically determined to be most effective.
The model, in particular, helps us better understand past reports of Scandinavian randomized clinical trials employing a single course of perioperative Cyclophosphamide. When the drug was given i.v. for 6 days immediately after mastectomy, the relapsefree rates were significantly increased, and after 20 years the difference was 13.5% [27] . When the same adjuvant course was given 2-4 weeks after mastectomy [28] , there was no benefit. Further attempts to repeat this finding resulted in conflicting results [29] [30] [31] likely because of the modest effectiveness of the treatment that may be easily obscured by patient traits heterogeneity.
An overview of randomized trials indicates that perioperative chemotherapy may prolong diseasefree survival in some subsets of patients [32] . We suggest that the modest cytotoxic effect of perioperative systemic treatment may be observed because surgery-induced angiogenesis results in high proliferation rate, growth fraction of micrometastases, tumors are small in size and dividing cells are exposed to drugs via newly existing vasculature. This most highly sensitive window to antiproliferative cytotoxic agents may be open only briefly.
Survival differences with timing of surgery within the menstrual cycle
The observation that primary breast cancer surgery during the luteal phase of the menstrual cycle may improve survival of patients compared to surgery during the follicular phase was reported more than 15 years ago [33] . Since then the subject, that is intrinsically difficult due to the difficulty to confidently establish the timing of surgery relative to menstrual cycle, has been addressed in a number of reports confirming and sometimes not confirming the finding [34, 35] . Our model provides a biological basis for understanding this phenomenon. Angiogenesis in breast tissue is modulated by the sex hormones of https://doi.org/10.1017/S1470903107005111 Page 4 of 6
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the menstrual cycle. Further, prognostic factors such as histological grade and hormone receptor concentration proved to have different age distribution and age-specific incidence rate patterns, with typical changes at the age of menopause [36] , and change rhythmically in breast cancer cells during each menstrual cycle [37, 38] . Indeed, sex hormone levels, that modulate angiogenesis in normal female reproductive tissues, mainly via effects on endothelial cells [39] , also participate in the regulation of angiogenesis in breast tissue and breast cancers. VEGF waxes and wanes in normal breast tissue within each menstrual cycle [40] . Estrogens have been shown to regulate the bioactive fraction VEGF in normal human breast tissue in vivo [41] , and to drive pro-angiogenic effects in animal models [42, 43] .
Other findings support the subtle and rapid rhythmic changes in the sensitivity of tumor cells to environmental factors. The circadian clock within cancer cells apparently coordinates cancer growth rate [43] . The mechanisms of this intermittent cancer growth include circadian clock coordination of VEGF induced capillary permeability and blood flow [44] . The estrogen/progesterone ratio apparently regulates cancer cell VEGF and bFGF, and cancer growth rate and metastatic potential [45] .
Excess breast cancer mortality for African-American women
There is an excess mortality in breast cancer of African-American (AA) women compared to EuropeanAmerican (EA) women that first appeared in 1970s and has been worsening since [46] . The racial disparity seems to be partly related to the introduction of mammography screening [47] , although it is not fully explainable based upon a two-tiered access to medical care [48] .
This explanation of the racial disparity is supported by our metastatic model. The average age of breast cancer diagnosis among AA women is 46 while it is 57 for EA women [47] . Thus, since mammography is more beneficial for postmenopausal women than it is for premenopausal women (see mammography paradox above), and may set in motion a chain of events among premenopausal women that result in early post-resection recurrence, it should be expected that after the introduction of mammography in the 1970s, mortality advantages to EA over AA should appear.
Other racial biologic differences may also play a role in these outcome disparities. Indeed, premenopausal sex cycle hormone concentrations and menstrual cycle differences that exist between AA and EA might also help explain racial outcome differences. In fact, luteal phase estradiol levels are higher in AA than in EA [49, 50] . African-American women undergo menarche earlier than EA [51] and also tend to cycle more rapidly than their Caucasian counterparts [52] . Each of these differences in the cycle and its sex hormones could contribute to racial outcome differences.
Clinical recommendations from pre-modern surgeons and popular myths
Our model, supported by ample data from animal models, assumes that surgery may accelerate the metastasis development. Thousands of years ago, surgeons, including Celsus (30 BC to 38 AD) and Galen (131 AD to 203 AD), believed that favorable results could occasionally be achieved by removal of small easily resectable lumps, while surgery was always detrimental quoad vitam and quoad valetudinem for more advanced cases [53] . As Celsus noted: 'First there is the cacoetheses, then carcinoma without ulceration, then the fungating ulcer … None of these can be removed but the cacoetheses; the rest are irritated by every method of cure. The more violent the operations the more angry they grow'. It seems that we are not the first to recognize that surgery to remove a primary breast tumor can accelerate distant relapse. Apparently we rediscovered something that was known to surgeons 2000 years ago.
Moreover, it is noteworthy that the notion of surgery-driven acceleration of the disease course is in agreement with popular 'myths' frequently dismissed by the medical community as superstitious fables. 'Cancer spreads when the air hits it' (or words to that effect) is a common popular myth in the United States. It is believed by 61% of AA and 29% of EA [54] . It is considered to be a major reason for reluctance of minorities to participate in early detection protocols. Breast surgeons practicing in Africa, where the prognosis of breast cancer is particularly poor [55, 56] report that very often patients have the firm belief that surgery 'provokes' the tumor to spread, and, as a result, turn to physicians with locally advanced disease after pursuing alternative therapy.
Conclusions
Breast cancer biology and outcome are characterized by a long list of seemingly unrelated effects, some of which we describe above. Our studies lead us to propose that these are not separate but intimately linked as manifestations of a single simple hypothesis. The parable of the elephant and the blind men comes to mind. To us, it is refreshing that the same biology that governs the benefit of early detection of breast cancer seems to also influence the utility of adjuvant chemotherapy.
It is easy to disprove a theory when it does not agree with observations but it is impossible to prove a theory since there are always new tests to which it that can and should be subjected. A theory gradually becomes accepted over time when it continues to successfully explain new data and predictions. This process cannot be rushed since it necessarily involves extensive independent testing and verification.
In a manner, we are mimicking physicists who have attempted for many decades to explain wide ranging interactions between objects including stars and nucleons by describing fundamental forces responsible for those interactions with one unifying theory.
While there may not be a unified theory for all of physics, there as well may not be a unified theory of breast cancer. We believe, however, that the framework that we propose does provide a parsimonious explanation for many apparently unrelated breast cancer behaviors. We welcome attempts to challenge this theory since challenge is essential to advance theoretical understanding that will eventually lead to the truth which will, in turn, improve patient outcome.
